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Introduction


Coronary heart disease (CHD) risk increases with age. [1, 2] Despite this, lipid-lowering therapies are significantly under-utilized in patients > 65 years old. [3, 4] Aside from the potential for increased side effects or drug interactions due to concomitant medication use, there are limitations and a perceived lack of current evidence that statins provide benefits in this population. [5] Clinical trials designed to assess older patients are somewhat limited and data are especially limited in patients 75 years and older. Most support for statin use is derived from post hoc analyses showing that statins improve lipids and outcomes in patients > 65 years. [6] [7] [8] Studies designed to assess the efficacy of statins specifically in older patients, such as the PROSPER and SAGE studies, show favorable lipid results with intensive statin use in patients up to 85 years of age and support the use of statin treatment for the improvement of cardiovascular outcomes in older patients. [9, 10] There are also limited data on combination therapy in older patients.
This analysis assessed the lipid-altering efficacy and tolerability of ezetimibe added to atorvastatin 10 mg vs. uptitration of atorvastatin to 20 mg and 40 mg in subjects grouped by age (65-74 years and ≥ 75 years) with hypercholesterolemia at high risk for CHD. After 6 wk of treatment with ezetimibe plus atorvastatin 10 mg vs. uptitration to atorvastatin 20 mg followed by uptitration to atorvastatin 40 mg for an additional 6 wk of treatment,
Methods
Study design
This was a subgroup analysis of a previously published, 12-week multicenter, randomized, double-blind, parallel-arm study conducted between February 2007 and October 2008 at 115 sites: 75 sites in the USA, 18 sites in Russia, 8 sites in Ukraine, 5 sites in Canada, 5 sites in Romania, and 4 sites in Poland. [11] The protocol and amendments were reviewed and approved by institutional review boards, and patients provided written informed consent prior to any study procedures being performed.
Patients
Patients included males and females ≥ 65 years with atherosclerotic vascular disease (AVD) or at high risk for CHD who had not reached LDL-C level < 1.81 mmol/L or < 2.59 mmol/L, respectively, on atorvastatin 10 mg/d. Patients were potentially eligible if they were taking atorvastatin 10 mg or 20 mg, a stable daily dose of a statin of equal or lesser potency than atorvastatin 20 mg with good compliance (≥ 80% of daily doses for 6 wk prior to visit 1), or who were naïve to lipid-lowering therapy. In addition, patients who were switched to atorvastatin 10 mg during run-in and had not reached LDL-C level < 1.81 mmol/L or < 2.59 mmol/L depending on risk status were eligible. All patients were instructed to follow a cholesterol-lowering diet throughout the study.
Patients were eligible for entry if they met the following criteria: established CHD and other AVD and LDL-C ≥ 1.81 mmol/L and ≤ 4.14 mmol/L; patients without AVD who had diabetes mellitus (type 1 or 2), or multiple risk factors and a 10-year risk for CHD > 20% (as determined by the Framingham calculation) [1, 2] and LDL-C ≥ 2.59 mmol/L and ≤ 4.92 mmol/L; triglycerides ≤ 33.96 mmol/L; alanine aminotransferase (ALT) and aspartate aminotransferase (AST) ≤ 1.5 × the upper limit of normal (ULN) with no active liver disease; creatine kinase (CK) ≤ 2 × ULN, thyroid stimulating hormone (TSH) ≥ 0.3 mcIU/mL or ≤ 5.0 mcIU/mL; and hemoglobin A1C (HbA1c) < 8.5%.
Patients were excluded if they had uncontrolled hypertension (systolic blood pressure > 160 mmHg or diastolic > 100 mmHg) or impaired renal function (creatinine ≥ 2.0 mg/d or a history of nephrotic range proteinuria), were taking lipid-lowering agents (except atorvastatin 10 or 20 mg; simvastatin 10, 20 or 40 mg; pravastatin 10, 20, or 40 mg; fluvastatin 20, 40 or 80 mg; ezetimibe 10 mg; lovastatin 10, 20 or 40 mg; or rosuvastatin 5 mg) within 6 wk or fibrates within 8 wk of screening, or were taking prescription and/or over-the-counter-drugs with potential drug interactions with statins within 6 wk of study start. Patients on maintenance therapy with psyllium or other over-the-counter lipid-lowering therapies for at least 6 wk prior to study entry were allowed into the study if they agreed to maintain the same treatment regimen throughout the study.
Treatments
During the run-in period, all patients received singleblind atorvastatin 10 mg. Patients already taking atorvastatin 10 mg received the same dose of atorvastatin for 4 wk. Switch and naïve patients received atorvastatin 10 mg for 5 wk. After the run-in period, patients were randomized to 1 of the following treatments for 6 wk: (1) ezetimibe 10 mg and atorvastatin 10 mg or (2) atorvastatin 20 mg. After the first 6 wk, patients in the ezetimibe 10 mg plus atorvastatin 10 mg group continued on the same treatment for an additional 6 wk. Patients in the atorvastatin 20 mg group were titrated to atorvastatin 40 mg for an additional 6 wk.
Efficacy endpoints
In patients grouped by age (65-74 years and ≥ 75 years), prespecified endpoints included percent change from baseline in LDL-C and the proportion of patients achieving the following LDL-C treatment targets after 6 wk and after 12 wk of treatment: (1) LDL-C < 1.81 mmol/L (all patients regardless of risk strata), (2) LDL-C < 2.59 mmol/L for high-risk patients without AVD and < 1.81 mmol/L for high-risk patients with AVD. To extend these results, post hoc analyses assessed mean change from baseline in high-density lipoprotein cholesterol (HDL-C), non-HDL-C, total cholesterol, triglycerides, apolipoprotein (Apo) B, Apo A-I, total Cholesterol/HDL-C, Apo B/Apo A-I, and non-HDL-C/HDL-C and hs-CRP in patients grouped by age after 6 wk of treatment.
All lipid determinations used were obtained through central laboratories (PPD, Highland Heights, KY, USA; and PPD at Zaventem, Belgium). Plasma cholesterol and triglyceride levels were determined using enzymatic methods. For patients with triglycerides ≤ 400 mg/dL, LDL-C measurements were calculated by the Friedewald equation. [12] For patients whose triglycerides reached > 400 mg/dL during the study, LDL-C measurement was obtained directly using the beta quantification method. [13] 
Safety/Tolerability Endpoints
The safety and tolerability profiles were assessed by http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology treatment in patients grouped by age (65-74 years and ≥ 75 years). Adverse events were summarized by system organ class and specific adverse experience term. Prespecified safety parameters included ALT and/or AST consecutive elevations ≥ 3 × ULN, CK elevations ≥ 10 × ULN, CK elevations ≥ 10 × ULN with muscle symptoms (within ±7 days of lab result), CK elevations ≥ 10 × ULN with muscle symptoms (within ± 7 days of lab result) that are considered by the investigators to be related to study drug; Hy's Law Condition based on FDA guidance on drug-induced liver injury, [14] hepatitis-related adverse events, gallbladder-related adverse events, gastrointestinal-related adverse events, and allergic reaction or rash adverse events.
Statistics
Efficacy endpoints (with the exception of triglycerides and hs-CRP) were evaluated using analysis of covariance (ANCOVA) with terms for treatment, baseline covariate (i.e., the baseline of the dependent variable being modeled), AVD status, age subgroup, and treatment by age subgroup interaction. The analysis of triglycerides was based on the nonparametric method. Normal scores were calculated using the Tukey method. The between-treatment group difference in medians was estimated based on the HodgesLehmann location shift, and the distribution-free 95% confidence interval for the between-treatment difference was based on Wilcoxon's rank sum test statistic. The least squares mean percent change from baseline in hs-CRP was calculated as follows: [Back-transformed value of the log(week 6 or 12/baseline)-1] x 100% where log(week 6 or 12/baseline) is the log of the ratio of the week 6 or 12 value to the baseline value estimated from the ANCOVA model with terms for treatment, baseline covariate (i.e., the baseline of the dependent variable being modeled), AVD status, age subgroup, and treatment by age subgroup interaction. All randomized patients who took at least 1 dose of study medication were included in the safety analyses. For change from baseline in vital signs or laboratory measurements, patients were required to have a baseline measurement and at least 1 on-treatment measurement to be included in these analyses.
Results
The flow of participants through the study was previously published. [11] Of the 2276 patients screened, 1053 were randomized, 526 were assigned to the atorvastatin 10 mg + ezetimibe group, and 527 were assigned to the atorvastatin 20/40 mg group. Twenty-three patients from the atorvastatin 10 mg + ezetimibe group and 20 patients from the atorvastatin 20/40 mg group discontinued the study. There were 812 patients aged 65-74 years and 218 patients aged ≥ 75 years enrolled in the study.
Baseline demographics and National Cholesterol Education Program (NCEP)-specified risk factors for each treatment group and by age are summarized in Table 1 . Of the 1053 patients randomized, the majority were white (1008, 96%) and female (563, 53%). The mean age was about 69 years in the < 75 year age group and about 78 years in the ≥ 75 years age group. About 1/3 of the population in each treatment group and age group had BMI ≥ 30 kg/m 2 . Baseline characteristics and risk factors were similar between treatment groups and age groups. Baseline lipid values between treatment groups were similar in the 65-74 years age group (Table 2 ). In the older patients (≥ 75 years), LDL-C, Apo B and total cholesterol values were higher in the atorvastatin 10 mg plus ezetimibe group vs. the atorvastatin treatment group. In both age groups, baseline values for the other lipid parameters were similar between treatment groups.
The within and between-treatment estimates of mean percent change from baseline in LDL-C are summarized in Table 2 . In both age groups, the addition of ezetimibe to ongoing atorvastatin 10 mg therapy resulted in a greater reduction from baseline in LDL-C levels compared with uptitration to atorvastatin 20 mg after 6 wk of treatment (65-74 years: 26.1% vs. 12.5% and ≥ 75 years: 28.4%
vs. 14.0%; Figure 1 ) and compared with uptitration to atorvastatin 40 mg for an additional 6 wk of treatment in the 65-74 years (23.0% vs. 17.3%). In the ≥ 75 years group, the percent change in LDL-C was similar between treatment groups (20.6% vs. 20.2%; Figure 1 ). In both age groups, there was a greater reduction in LDL-C in the ezetimibe add-on to atorvastatin 10 mg groups vs. uptitration to atorvastatin 20 mg groups. The magnitude of difference was generally similar for both age groups at week 6 ( Table 2) . Compared with the first 6 wk reduction (i.e., treatment with atorvastatin to 20 mg for 6 wk) after uptitration to atorvastatin 40 mg for an additional 6 wk, the magnitude of between-treatment differences in lipid and lipoprotein levels were less ( Table 2) .
The percentage of patients reaching prespecified LDL-C targets at week 6 and 12 is illustrated in Figure 2 . At week 6, the proportion of patients achieving LDL-C < 2.59 mmol/L (without AVD) or < 1.81 mmol/L (with AVD) was greater in the atorvastatin 10 mg + ezetimibe treatment group vs. the atorvastatin 20 mg treatment group in both age groups ( Figure 2 ). After uptitration to atorvastatin 40 mg for an additional 6 wk (Figure 2) , the proportion of patients achieving LDL-C < 2.59 mmol/L (without AVD) or < 1.81 mmol/L (with AVD) was greater in the atorvastatin 10 mg plus ezetimibe treatment group vs. the atorvastatin 20/40 mg treatment group in patients 65-74 years, but was numerically greater in the atorvastatin 20/40 mg treatment group vs. the atorvastatin 10 mg plus ezetimibe treatment group in patients ≥ 75 years. In both age groups, greater changes in favor of atorvastatin 10 mg plus ezetimibe occurred in the majority of lipids and lipoproteins compared with uptitration to atorvastatin 20 mg with similar changes between treatments in HDL-C, Apo A-I and hs-CRP after 6 wk ( Table 2) . After uptitration to atorvastatin 40 mg for an additional 6 wk, greater changes in favor of atorvastatin 10 mg plus ezetimibe occurred in the majority of lipids with similar changes between treatments in triglycerides, Apo A-I, and hs-CRP in patients 65-74 years (Table 2 ). In patients aged ≥ 75 years, numerically greater changes were observed in favor of atorvastatin 10 mg plus ezetimibe vs. uptitration to atorvastatin 40 mg in most lipid and lipoprotein levels and hs-CRP (Table 2 and Figure 1 ). There was a greater reduction in triglycerides in patients treated with atorvastatin 10 mg plus ezetimibe for 12 wk vs. patients whose dose was uptitrated to atorvastatin 20/40 mg over the course of the study (Table 2 and Figure 1 ).
The magnitude of difference between treatments was generally similar for both age groups at week 6. Compared with the first 6 wk reduction (i.e., treatment with atorvastatin to 20 mg for 6 wk) after uptitration to atorvastatin 40 mg for an additional 6 wk, the magnitudes of between-treatment differences were less overall, although generally similar for both age groups except for LDL-C.
The overall safety and tolerability profiles for the 2 treatment regimens in this population of patients 65 years and older were previously reported. [11] Briefly, the overall incidence of adverse events of interest was similar between treatment groups. The analysis by age group indicated that the overall incidence of reported adverse events was generally similar in both treatment groups regardless of age during the course of the 12-week study (Table 3 ). In patients 65-74 years, the incidence of discontinuations due to adverse events was 1.5% in patients treated with atorvastatin 10 mg + ezetimibe compared with 0.7% in the atorvastatin 20 mg treatment group. In patients ≥75 years the incidence of discontinuations due to adverse events was 5.2% in patients treated with atorvastatin 10 mg + ezetimibe compared with 1.8% in the atorvastatin 20 mg treatment group. The highest incidence of prespecified adverse events was gastrointestinal-related, with a numerically higher incidence occurring in both age subgroups in the atorvastatin 10 mg + ezetimibe group vs. the atorvastatin 20/40 mg group. However, no specific pattern of gastrointestinal-related adverse events or clinically meaningful difference was seen between treatment groups. One death occurred in the atorvastatin 10 mg + ezetimibe treatment group in patients 65-74 years and was not attributed to study drug. In patients 64-75 years, there was 1 case of increased ALT (consecutive) and 1 case of increased AST (consecutive) > 3 × ULN in the atorvastatin plus ezetimibe treatment group and 1 case of increased ALT (consecutive) > 3X ULN in the atorvastatin 20 mg treatment group. There were no cases of increased ALT, AST, or CK reported in patients 75 years or older during the study.
Discussion
The present analysis showed that in patients aged 65-74 years and aged >75 years, treatment with ezetimibe added to atorvastatin 10 mg resulted in greater favorable changes in most lipids compared with the recommended starting and next higher doses of atorvastatin. In addition, more patients achieved prespecified LDL-C levels with ezetimibe added to atorvastatin 10 mg compared with uptitration to commonly used doses of atorvastatin in patients 65-74 years old.
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Atorva 10 mg + EZ, n (%) A20/40, n (%)
Age 65-74 years n = 410 n = 416
With one or more AE 108 (26) 125 ( http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology younger patients have been identified in previous studies with ezetimibe. [15, 16] A pooled analysis of patients grouped by age, including < 65 years, 65-74 years, and ≥ 75 years, showed that when added to statin (pooled), ezetimibe consistently lowered LDL-C by an additional 17% vs. statin monotherapy (pooled) in all age groups assessed. [17] In a separate pooled analysis of elderly patients (grouped by < 65 years vs. > 65 years and < 75 years vs. > 75 years) similar results were demonstrated: treatment with ezetimibe added to a statin resulted in greater reductions in LDL-C, ranging from 13% to 16% difference between treatments, and greater proportions of patients achieved NCEP adult treatment panel (ATP) II LDL-C targets vs. statin monotherapy regardless of age group. [18] In a sub-analysis of patients 65 years and older in the EASE study, the ezetimibe plus statin group demonstrated significantly reduced LDL-C compared with the placebo-statin group, with mean differences of 22% to 25% in both age groups (P < 0.001). [19] In all 3 analyses, adverse events were similar across age groups and treatment groups. [17] [18] [19] The results of the current study along with the previously published reports support the efficacy of ezetimibe added to a statin for LDL-C lowering and achievement of NCEP ATP III recommended LDL-C targets in patients 65 years and older. In patients > 75 years, ezetimibe add-on resulted in numerically greater changes in most lipids than doubling and quadrupling the atorvastatin dose, although the magnitude of differences between the treatment groups diminished after uptitration to atorvastatin 40 mg. These results demonstrate improved LDL-C reduction with the addition of ezetimibe even when using the lowest dose of atorvastatin (10 mg) in patients older than 65 years, consistent with previous reports indicating that addition of ezetimibe to the recommended starting and next higher dose of atorvastatin is more effective than doubling the dose of atorvastatin regardless of age. [20, 21] In contrast, the proportion of patients achieving prespecified targets was greater in the atorvastatin 20/40 mg treatment group vs. the atorvastatin 10 mg plus ezetimibe treatment group in patients ≥ 75 years. In this age group, the differences in baseline LDL-C levels (2.78 mmol/L in the atorvastatin plus ezetimibe group vs. 2.50 mmo/L in the atorvastatin 20/40 mg group) may account, for this discrepancy between percent reduction in LDL-C and percent achieving the prespecified targets. Previous analyses have reported that higher baseline LDL-C is a significant negative predictor of LDL-C goal attainment, and the results of this analysis are consistent with that effect. [22, 23] Although no between-age groups comparisons were made in these analyses, the younger and older patients experienced similar lipid-altering effects at each time point with ezetimibe added to atorvastatin. Likewise, atorvastatintreated patients experienced similar lipid-lowering effects at each time point regardless of age, albeit in most cases these changes were not as great as those treated with ezetimibe plus atorvastatin. Larger studies in this patient population that are powered to incorporate inferential statistics are warranted.
An attenuation of LDL-C lowering treatment effect was noted at the 12-week time point in patients treated with atorvastatin 10 mg + ezetimibe in both age subgroups, but particularly in the oldest patients. This finding is in contrast to most ezetimibe plus statin studies, where no attenuation over a 12-week (or longer) period is generally observed. [24] [25] [26] It could be a chance finding (the 95% confidence intervals just overlap) or possibly due to a waning of compliance as the study progressed (since the atorvastatin monotherapy group was uptitrated, no comparison can be made as to whether the same effect might be observed over the course of 12 wk in that group). It would be of interest to evaluate whether attenuation of treatment effect on ezetimibe plus statin in patients ≥ 75 is observed in other studies.
Safety and tolerability are important considerations in choosing the right treatment, especially in elderly patients. There have been concerns about the tolerability of statins in the elderly. There are differences in metabolism, and a potentially greater risk of myopathy may exist in older patients. [27] [28] [29] [30] [31] No difference in safety and effectiveness, and no reported clinical experience in response has been observed previously between older and younger patients with ezetimibe therapy. [15, 17, 18] Overall, comparable safety and tolerability profiles have been observed between treatments throughout 12 wk of study. In this study, there was a generally similar incidence of adverse events between treatments and by age group. No differences in clinically relevant laboratory abnormalities have been reported between patients younger than 65 and ≥ 65 being treated with atorvastatin. [31] No inferential statistics were done to show whether differences in this study were significant between treatments. However, in the primary analysis, P-values showed no statistical difference between treatment groups. Taken together, these results provide support for the tolerability of intensive lipid-altering therapy in patients ≥ 65 years, although the results must be interpreted with caution due to the short-term nature of the study.
This study was not of sufficient duration, nor was it powered to detect very rare adverse events. The benefits of the addition of ezetimibe to atorvastatin with regard to clinical outcomes have yet to be determined in any patient population.
In conclusion, this is the first study to date that specifically assesses the efficacy in lowering LDL-C and tolerability of ezetimibe added to a low dose of atorvastatin compared with higher doses of atorvastatin in patients ≥ 65 years of age at high risk for CHD. The results of this analysis provided additional support and extended previous findings that have demonstrated that ezetimibe added to a statin provides a generally well-tolerated therapeutic option for improving the lipid profile in patients 65 to 74 years and ≥ 75 years of age. Although not powered to detect initial, very rare adverse events, these results suggest that both treatments have generally similar safety and tolerability profiles in both age groups assessed.
